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Lignification of Switchgrass (Panicurn virgatum)
and Big Bluestem (Andropogon gerardii) Plant
Parts during Maturation and its Effect on Fibre
Degradability
Hans-Joachim G Jung*
USDA-Agricultural Research Service, Plant Science Research Unit and US Dairy Forage Research
Center Cluster, St Paul, Minnesota 55108, USA

and Kenneth P Vogel
USDA-Agricultural Research Service, Wheat, Sorghum and Forage Research Unit, Lincoln,
Nebraska 68583, USA
(Received 7 October 1991 ; revised version received 2 January 1992; accepted 19 February 1992)

Abstract: Five cultivars of switchgrass (Panicurn uirgutwn L) and four cultivars of
big bluestem (Andropogon gerurdii Vitman) were harvested at vegetative, boot and
heading stages of maturity. Leaf and stem fractions were analysed for detergent
fibre composition and 48-h ruminal in-vitro degradability, ester- and ether-linked
non-core lignin phenolic acids, and core lignin composition. Big bluestem leaves
contained more neutral detergent fibre than switchgrass, but general composition
of the fibre did not differ. Stem fibre of switchgrass had relatively lower levels of
cellulose and lignin at the vegetative stage than observed in big bluestem. Esterified
and etherified p-coumaric and ferulic acid concentrations were generally higher in
switchgrass plant parts. Yield of nitrobenzene oxidation products from core lignin
was greater for switchgrass leaves, but very little difference in composition was
noted. Leaf tissue contained lower concentrations of all lignin components than
stems. Maturation resulted in increased total lignification, but all components did
not respond in the same manner. Variation for all measures of lignification seemed
to be as great within species as between the grass species. Degradability of fibre
declined with maturation. The only species difference was that switchgrass fibre
was more degradable at the vegetative stage. Relationships between lignification
and fibre degradability were in agreement with some, but not all, previously
reported relationships. Concentration of core lignin was only a significant
predictor of fibre degradability when the relationship was examined across
maturity stages. Within a stage of maturity, lignin composition was more closely
related to fibre degradability than was concentration. However, the best predictors
of fibre digestibility differed among species, plant part and maturity.

Key words : lignin, phenolic acids, fibre, degradability, switchgrass, big bluestem,
maturation, cellulose, hemicellulose.

interest has centred on the role of core (phenypropanoid
polymer) and non-core @-coumaric (Chydroxycinnamic)
and ferulic (4-hydroxy-3-methoxycinnamic)
acids) lignin
composition in controlling fibre degradability (Jung
1989). Hartley (1972) and Burritt er al(1984) have shown
negative relationships between esterified non-core lignin

INTRODUCTION
While lignin content has long been assumed to have a
negative effect on forage cell wall degradability, recent
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phenolics and forage digestibility. Composition of core
lignin also has been correlated to fibre degradability
(Reeves 1985; Buxton and Russell 1988). Ether-linked
non-core lignin components have received little study,
but are of interest because of the proposed cross-linkage
of hemicellulose to core lignin via ester- plus ether-linked
ferulic acid bridges (Scalbert et a1 1985; Iiyama et a1
1990).
Buxton and Russell (1988) reported differences between species of perennial cool-season (C,) grasses, and
between cultivars within species, for core and non-core
lignin composition. Smooth bromegrass (Brornus inermis Leyss) possesses significant genetic variation in lignin
components associated with selection for in-vitro dry
matter disappearance (IVDMD) (Jung and Casler 1990).
In a warm-season (C,) perennial grass, Gabrielson et a1
(1990) found that switchgrass (Panicum uirgatum L)
selected for low and high IVDMD differed in concentration of esterified non-core lignin components.
Species differences for core lignin composition have not
been reported in perennial warm-season grasses.
Big bluestem (Andropogon gerardii Vitman var gerardii) and sand bluestem (A g var paucipilus (Nash) Fern)
(Andropogoneae tribe) and switchgrass (Paniceae tribe)
are widely adapted grasses that are major components of
rangeland in the Great Plains of North America, and
also are used in improved pastures. Switchgrass and big
bluestem cultivars were studied in this experiment to
determine if species differences exist between these warmseason grasses for detergent fibre composition and
degradability, and composition of core and non-core
lignin components of the cell wall. Cultivars of these
grasses used in this study are adapted to the environment
in which they were grown and are representative of the
range of genetic diversity that is found within these
species. Plant parts were analysed separately, and
maturity effects on forage cell wall composition were
monitored. Analysis of the relationships between cell
wall lignification and degradability was a primary
objective of this study.

MATERIALS AND METHODS

treated with 2.2 kg ha-' alachlor and 1.1 kg ha-' atrazine
(active ingredient) on 13 May 1983 for weed control.
Subsamples ( 1 kg fresh weight) were harvested from
three replicates of each forage entry on 20 June, 21 July
and 12 August 1983. Cutting height was 2.5 cm;
previously clipped portions of plots were not harvested
at subsequent clippings. Samples were frozen, lyophilised, sorted into leaf blades and stem plus sheath
(hereafter called stem) and ground to pass a I -mm screen
in a Wiley mill.
Fibre and degradability analysis

Detergent fibre composition was determined by the
sequential method (Van Soest and Robertson 1980).
Hemicellulose and cellulose were calculated by difference,
neutral detergent fibre (NDF) minus acid detergent fibre
(ADF) and A D F minus acid detergent lignin (ADL)
respectively. Degradability of detergent fibre components
was measured by sequential extraction of in-vitro
fermentation residues as described by Jung and Varel
(1988). Rumen fluid was collected from a non-lactating
Holstein cow (Bos tuurus L), which had been fed alfalfa
(Medicago satiua L) hay, after an overnight fast. Forage
samples were fermented in vitro for 48 h to determine
fibre degradability (Jung and Varel 1988).
Lignin analysis

Core lignin concentration was estimated as ash-free 12 M
sulphuric ADL (Van Soest and Robertson 1980). Forage
core and non-core lignin composition were determined
by modifications of the procedure of Jung et a1 (1983).
Prior to extraction of non-core lignin phenolics, forage
samples were extracted with 80 % (v) ethanol to remove
non-cell wall phenolics (Jung and Shalita-Jones 1990).
Esterified non-core lignin components were represented
by the alkali-soluble (1 M NaOH) phenolics (Hartley
1972). p-Coumaric and ferulic acids released by subsequent nitrobenzene oxidation of the alkali-insoluble
residues comprised the ether-linked non-core lignin
components (Iiyama et a1 1990). Core lignin composition
was estimated from phenolic aldehydes produced by
nitrobenzene oxidation (Sarkanen and Ludwig 1971).

Forage samples

Statistical analysis

Four cultivars of switchgrass (Pathfinder, Blackwell,
Summer and Trailblazer), an experimental switchgrass
strain (LIVDMD PC), two cultivars of big bluestem
(Pawnee and Kaw), one sand bluestem (Goldstrick, a
subspecies of big bluestem) and Champ, which is a
sand x big bluestem synthetic cultivar (Newell 1968),
were grown in a randomised complete block nursery at
Mead, NE, with six replicates of each forage entry.
Sward plots ( 4 . 6 ~1.2 m) were seeded in 1980. Forages
were fertilised with 112 kg ha-' N on 1 I April 1983 and

All laboratory analyses were done in duplicate and
samples were averaged for use in statistical analyses. The
effect of maturity differences on forage quality of
determinate grasses can be due to date of harvest and to
differences in relative physiological maturity as measured
by heading date. Cell wall and in-vitro fermentation
variables, which had significant ( P c 0.05) linear regressions on heading plate, were adjusted to a constant
heading date by simple linear regressions. This adjustment was made independently within each of the six
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TABLE 1

Detergent fibre composition of leaf and stem tissues from warm-season grasses harvested at different maturities
Species

NDF
Veg

Hemicellulose
Hd

Bt

Veg

Bt

Hd

g kg-l DM

Cellulose
Veg

Bt

Lignin
Hd

Veg Bt Hd

g kg-I NDF

Leaf

Switchgrass
Big bluestem

SEM
Stem
Switchgrass
Big bluestem
SEM

614"
659
8

641"
696
9

682"
728
9

495
488
5

496 493
501 478
7
8

455
452
7

450
429
7

657
711
17

723
731
5

742
767

467"
416
11

417
441

481"
523

510 495
490 482
5
6

6

5

421
432
5

10

436
440
8

40
47
2

42 54
44 61
1 2

48"
65
4

75 86
68 74
3 4

Vegetative (Veg), boot (Bt) and heading (Hd) stages of maturity; neutral detergent fibre (NDF).

'' Species differ (P< 005) within a plant part.

cutting date x plant part combinations. Thus, variation
within cutting dates and plant parts was independent of
rate of maturation, while variation among cutting dates
was attributed approximately to maturity stage. The
data were analysed as a completely randomised, splitplot design. Forage species was the main plot, and
maturity and species x maturity interactions were in the
sub-plot. Means were compared by the F-protected least
significant difference method. Backwards stepwise linear
regression and correlation analyses were performed to
determine relationships among cell wall variables and
relationships to fibre degradability using least square
means. Variables were retained in the multiple regression
models if P < 0 10.

RESULTS
The N D F content of big bluestem leaves was greater
(P < 0.05) than that of switchgrass leaves at all maturity
stages (Table I). However, no difference between the
species was noted for N D F in stem material. Physiological maturation resulted in an increase (P < 0.05) in
NDF content of both leaves and stems of these warmseason grasses. Maturation also resulted in higher (P <
0.05) lignin concentrations in the N D F fraction of both
leaf and stem. The only species differences seen for N D F
components were higher (P< 0.05) lignin and cellulose
concentrations and consequently lower (P< 0.05) hemicellulose content for big bluestem stems harvested at the
vegetative growth stage (Table 1). Leaves did not differ in
fibre composition between the species.
Non-core lignin composition of the grass species and
plant parts varied significantly among stages of maturity
(Table 2). Esterified p-coumaric acid content of N D F
from leaves did not differ between species, but was
greater (P < 0.05) at the vegetative harvest and lower

(P < 005) at the later maturities for big bluestem stems
than for switchgrass. This shift between the grass species
was observed because esterified p-coumaric acid concentrations of switchgrass stems rose (P < 0.05) with
maturity whereas levels were constant in big bluestem.
Maturation did not result in changes in leaf ester-linked
p-coumaric acid concentration. The opposite response
was seen for esterified ferulic acid where a species
difference was seen for leaves, consistently greater (P <
0.05) levels in switchgrass, but not in stems (Table 2).
There was a general decline (P< 0.05) in esterified ferulic
acid concentrations between the earliest and latest
maturities for both leaf and stem materials. Other
phenolics, including vanillic acid, p-hydroxybenzaldehyde (4-hydroxybenzaldehyde), vanillin (4-hydroxy-3methoxybenzaldehyde) and syringaldehyde (Chydroxy3,5-dimethoxybenzaldehyde), accounted, in total, for
less than 5 % of the esterified non-core lignin. Etherified
p-coumaric and ferulic acids were found at higher (P<
0.05) concentrations in switchgrass than big bluestem
leaves at all maturities, except that there was no
difference in etherified ferulic acid concentration at the
heading stage. In contrast, the grass species only differed
in etherified phenolic acid content of stems at the earliest
maturity when switchgrass stems contained higher
concentrations of both p-coumaric and ferulic acids.
Both ether-linked p-coumaric and ferulic acids decreased
(P < 0.05) in concentration in leaf and stem N D F with
maturation of switchgrass, but not big bluestem.
Yields of aldehydes from nitrobenzene oxidation of
core lignin were low for both leaf and stem samples
(Table 3). Switchgrass leaf core lignin produced greater
(P c 0.05) aldehyde yields than seen for big bluestem at
the vegetative and boot maturity stages. For both leaves
and stems, nitrobenzene oxidation product yield declined
(P< 0.05) with maturity in switchgrass, but not big
bluestem. p-Hydroxybenzaldehyde accounted for 5-6 %
of the core lignin derived aldehydes in all samples. The
12-2
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TABLE 2

Esterified and etherified non-core lignin components of warm-season grass leaf and stem harvested at different maturities
Species

Esterified

Etherified

p-Cournaric acid
Veg

Leaf
Switchgrass
Big bluestem
SEM

Stem
Switchgrass
Big bluestern
SEM

Bt

Ferulic acid

Hd

Veg

BI

p-Coumaric acid
Hd

Veg

Ferulic acid

Bt

Hd

Veg

Bt

Hd

1.23"

5.74"
4.16
036

4.33
4.45
023

9.46
7.06
055

6.68
6.87
0.57

g kg-' NDF

4.05
3-78
029

4.06
2-98
014

3.63
3.44
0.13

4.53"
4.1 I
0.14

4.73"
3.88
0.14

3.82"
3.53
0.10

1-63'
0.92
011

1.70"
1.06
015

0.08

5.59"
3.91
0.34

7.31"

9.58"
7.68
037

9.61"
1.63
0.35

5.28
4.71
0.16

4.38
5.01

4.13
4.21

024

0.10

5.51"
2.24
055

4.57
3.09
0.32

3.22
2.91
0.35

11.02"
6.43
089

8.75

035

1.04

Vegetative (Veg), boot (Bt) and heading (Hd) stages of maturity; neutral detergent fibre (NDF).
Species differ (P< 005) within a plant part.
(I

TABLE 3
Yield of aldehydes and syringyl-to-guaiacyl ratio of products from nitrobenzene
oxidation of core lignin from leaf and stem of warm-season grasses at different maturities
Species

Leaf
Switchgrass
Big bluestem
SEM

Stem
Switchgrass
Big bluestem
SEM

Nitrobenzene oxidation yield

Syringyllguaiacyl

vet?

Veg

Bt

Hd

144

103
14

Hd

mol rnol-'

g kg-' A D L

78"
35
6

Bt

44
5

46
35
6

035
0-28
0.02

0.37
0.39
0.02

0.31
0.30
0.02

106
I06
13

66
1 I5
14

0.55

0.56
0.46
003

0.43
0.44
0.02

77"

0.42
004

Vegetative (Veg), boot (Bt) and heading (Hd) stages of maturity; acid detergent lignin
(ADL).
' Species differ (P< 0.05) within a plant part.
molar ratio of syringyl-to-guaiacyl units in core lignin
was calculated from the yields of syringaldehyde and
vanillin, respectively. No differences were observed
between species (Table 3). The only significant effect of
maturity was an elevated (P < 0.05) syringyl content of
leaves in both warm-season grass species at the boot
maturity stage compared with earlier and later stages.
Across maturity stages, concentrations of esterified p coumaric and ferulic acids were positively (r2 = 0.31,
P < 0.05) and negatively (r2 = 0.36, P < 0 0 5 ) correlated
in switchgrass leaves and stems, respectively. Etherlinked p-coumaric and ferulic acid levels were positively
correlated (r2 = 0.79, P < 0.01 and rz = 0.94, P < 0.01)
for leaf and stem, respectively, in switchgrass. Concentrations of the ester- and ether-linked forms of p -

coumaric and ferulic acids were not correlated. None of
the non-core lignin phenolic concentrations were correlated in big bluestem.
In stems of switchgrass, hemicellulose and lignin, as a
proportion of NDF, were negatively correlated (r2 =
077, P < 0.01) Esterified p-coumaric acid was positively
correlated (rZ = 0.46, P < 0.05) with core lignin concentration in switchgrass stems, while esterified ferulic
acid was negatively correlated (r2 = 0.81, P < 0.01) with
lignin in switchgrass stems. Similar trends (P < 0.10)
were seen for big bluestem. In leaves, esterified p coumaric acid in switchgrass was negatively correlated
(r' = 0.46, P 0 0 5 ) with hemicellulose content of the
NDF. Etherified non-core lignin components were not
related to other fibre components in either grass species.

-=
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TABLE 4
In-vitro degradability of detergent fibre fractions from leaf and stem of warm-season
grasses harvested at different maturities
Species

NDF
Veg

Leaf
Switchgrass
Big bluestem
SEM
Stem
Switchgrass
Big bluestem
SEM

Bt

Hemicellulose
Hd

Veg

Bt
g

Hd

Cellulose
Veg

Bt

Hd

k-'

648
616
24

612 407
609 462
26
19

677
639
20

659 462
640 484
26 20

644
625
29

643"
486
20

336 296
405 302
27 20

668"
494
26

380 333
443 347
24
19

644" 323 278
502 381 270
30 24
19

583 348
601 437
30 22

Vegetative (Veg), boot (Bt) and heading (Hd) stages of maturity; neutral detergent fibre
(NDF).
Species differ ( P < 0.05) within a plant part.
TABLE 5
Standardised partial regression coefficients for prediction of NDF digestibility from components of cell wall lignification in multiple
regression models"
Species

Leaf
Combined

Switchgrass

Big bluestem

Stem
Combined

Switchgrass

Big bluestem

Maturity
stage

Lignin component
ADL

FA

Overall
Veg
Bt
Hd
Overall
Veg
Bt
Hd
Overall
Veg
Bt
Hd

-0.62
-0.64
NS
NS
-0.76
NS
-0.59
NS
-0.63

NS
NS
NS
NS
NS
-060
NS
NS
NS
NS
NS
NS

NS
-0.47
NS
NS
NS
NS
NS
NS
NS
077
NS
NS

NS
065
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
- 0.95
NS
NS

Overall
Veg
Bt
Hd
Overall
Veg
Bt
Hd
Overall
veg
Bt
Hd

-0.45
0.42
-0.39
0.47
0-29 091
NS
NS
-0.58
0.29
NS
NS
NS
0.80
NS
NS
NS
0.59
0.28
0.53
0.54
1.00
- 1.09 -0.68

0-18
0.33
NS
NS
025
NS
NS

NS
NS
-037
NS
NS
NS
NS
NS
NS
-0.16
NS
NS

NS
NS
049
0-59
NS
NS
NS
NS
0.37
1.54
0.63
NS

-1.10

NS
NS

EPCA

NS
NS
- 1.34
NS
NS

EFA

r2

Probability

039
0.53

<O.oOI
< 0.05
NS
NS

0.58
0.36
0.35

< 0.001
< 005
< 005
NS
< 001
< 010
NS
NS

NBO

NS

- 078

-

-

0.40
0.86

-

0.64
066
0-86
035
0.8 1

< oao1
< 0.001
< 0.001
< 0.01
< 0.001

0.64

< 0-01
NS
< 0.01
< 0.001
< 0-05
< 0.05

-

0.50
0-9999
0.89
0.83

NS

Vegetative (Veg), boot (Bt) and heading (Hd) stages of maturity; acid detergent lignin (ADL); esterified ferulic acid (FA); etherified
p-coumaric (EPCA) and ferulic acids (EFA); nitrobenzene oxidation product yield (NBO); non-significant (NS), P > 0.10.
Lignification variables were eliminated from the full model by backward selection if P > 0.10.
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Physiological maturation resulted in decreasing (P<
0.05) degradability of NDF, hemicellulose and cellulose
in leaf and stem fractions of both grasses (Table 4). No
species differences in fibre degradability were observed
for leaves. Switchgrass stem fibre was more (P 0.05)
degradable than big bluestem at the vegetative stage, but
not at other maturities. Stem fibre appeared to decline in
degradability earlier during maturation than seen for
leaves.
Five measures of lignification were chosen for use in
multiple regression analyses of the influence of cell wall
lignification on N D F degradability (Table 5). Lignin
concentration was included because of the negative
relationship previously observed (Jung and Vogel 1986),
esterified ferulic acid because of its demonstrated linkage
to arabinose (Smith and Hartley 1983), etherified pcoumaric and ferulic acids because of their role in a
proposed cross-linkage of hemicellulose and core lignin
(Scalbert et a1 1985; Iiyama et a1 1990), and nitrobenzene
oxidation product yield because this is related to both
composition and structure of core lignin (Grand et a1
1985; Reeves 1985). Esterified p-coumaric acid was not
included in the regression analysis as it is linked primarily
to core lignin and not hemicellulose and therefore it is
felt to have little direct effect on polysaccharide digestion
(Jung 1989).
Concentration of core lignin was consistently negatively correlated with NDF degradability of leaves when
examined across maturity stages, and no other lignification component was included in the models across
maturity stages (Table 5). However, within individual
maturity stages, core lignin concentration was often not
related to NDF degradation and, as indicated by the
standardised partial regression coefficients, was not
always the dominant lignification variable with regard to
NDF degradability of leaves. A similar situation was
observed for stems, except that core lignin concentration
was never the only lignification variable related to stem
N D F degradability, even across maturity stages. All of
the other components of lignification were related to
NDF degradation in one or more of the regressions
across or within species, plant part and maturity stage
(Table 5). No clear patterns emerged because of changing
combinations of variables that were significant, and for
individual lignification variables the relationship with
NDF degradability was negative in some cases and
positive in others. The most striking result may be how
frequently no component of lignification was related to
N D F degradation. No obvious differences were discerned between the warm-season grasses for relationship
of lignification with NDF degradation.

-=

DISCUSSION
Differences in digestibility of warm-season grasses are
known to exist (Gabrielson et a/ 1990), but the intrinsic

chemical constituent differences responsible for the
variation in digestibility have not been clearly identified.
Concentrations of detergent fibre components found in
the current study for two warm-season grasses are
similar to previous results for these species (Griffin et a1
1980; Vogel et a/ 1984). Our results indicate that
switchgrass and big bluestem differ in both detergent
fibre composition and degradability. The lower degradability of vegetative big bluestem stem fibre could be
related to the greater degree of lignification of the big
bluestem NDF at this stage compared with that observed
in switchgrass. Griffin and Jung (1983) found that
‘Blackwell’ switchgrass contained more N D F than did
‘NY 1145’ big bluestem. Both studies indicate that
switchgrass N D F contains less lignin. Surprisingly,
Griffin and Jung (1983) did not detect appreciable
increases in leaf NDF of either species with maturation.
Vogel et a1 (1984) reported that whole herbage of
Trailblazer and the LIVDMD PC strain of switchgrass
did not differ in NDF, ADF or ADL concentration.
Trailblazer and LIVDMD PC switchgrasses were developed by selection for high and low in-vitro dry matter
disappearance, (IVDMD) respectively (Vogel et a1 1981).
In the current study, NDF content of leaves was lower in
Trailblazer than in LIVDMD PC switchgrass. The
greater degradability of leaf N D F and cellulose observed
for Trailblazer switchgrass agrees with the higher
IVDMD of whole herbage for Trailblazer noted earlier
(Vogel et a1 1981), but no differences were noted for fibre
degradability of stem tissue. In big bluestem, the subspecies (A g var gerardii and A g var paucipilus) seem to
be somewhat different in cell wall composition and
degradability. In general, the variability within these two
species of warm-season grasses is probably as great as
between the species for detergent fibre composition and
degradabili ty .
Cherney et a/ (1988) reported concentrations of
esterified non-core lignin components from switchgrass
herbage that were comparable with those reported here.
Trailblazer switchgrass has been shown to contain higher
concentrations of esterified ferulic acid and lower levels
of p-coumaric acid than found in LIVDMD PC
switchgrass herbage (Gabrielson et a1 1990). These
differences were not detected between these switchgrass
strains in the current study, although the significant
molar ratio differences of p-coumaric to ferulic acid
agreed with weight ratio differences previously reported
for these esterified phenolics (Gabrielson et a1 1990). No
comparative data are available on lignin composition of
big bluestem. Jung and Casler (1990) detected differences
between high and low IVDMD genotypes of smooth
bromegrass for esterified ferulic acid in leaves and stems
that were comparable to those found between and within
species for the warm-season grasses. Smooth bromegrass
(Jung and Casler 1990) contained lower levels of both
esterified non-core lignin components than either warmseason grass, in both leaf and stem tissues. The data of
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Cherney et a1 (1988) also support the conclusion that
perennial warm-season grasses contain higher concentrations of esterified non-core lignin than do perennial
cool-season grasses.
Jung and Casler (1990) reported that genetic variation
existed in smooth bromegrass leaves for molar proportions of p-coumaric and ferulic acids from core lignin
nitrobenzene oxidation products. These are the etherlinked non-core lignin components described by Iiyama
et a1 (1990). We found that differences existed between
switchgrass and big bluestem for these etherified phenolics. Ferulic acid, which is esterified to the arabinose
component of hemicellulose through its carboxyl group
and etherified to lignin via the p-hydroxyl group, could
link hemicellulose and lignin (Scalbert et a1 1985). These
etherified ferulic acid molecules will not be released by
alkali extraction, but can be solubilised by hightemperature alkaline extraction as in the nitrobenzene
oxidation procedure (Iiyama et a1 1990). If ether linkage
of lignin to ferulic acid residues already esterified to
hemicellulose is an early event in lignin accumulation in
the cell wall, then the very large difference in etherified
ferulic acid concentrations of immature warm-season
grasses may be a better indicator of fibre degradability at
the late maturity stage. However, etherified non-core
lignin concentrations were not consistently related to
N D F degradation in this study.
Total yield of core lignin nitrobenzene products is
negatively correlated with fibre degradability in coolseason grasses and legumes (Buxton and Russell 1988;
Jung and Casler 1990). A similar trend was not noted for
warm-season grasses when limited to aldehydes produced
from nitrobenzene oxidation. Syringaldehyde content of
nitrobenzene oxidation products was negatively correlated with fibre degradability of grass hays and straws
(Reeves 1985) and stems of cool-season grasses (Buxton
and Russell 1988). A similar trend was present in
switchgrass and big bluestem, but did not hold across all
maturity stages of these grasses.
Concentrations of core lignin increase during maturation of forages and fibre degradability declines (Jung
and Vogel 1986). The negative correlation of core lignin
concentration with N D F degradation (Table 6) across
maturity stages, but not within stages, suggests that
simple core lignin concentration is an indicator of
maturity and not necessarily responsible for limiting
fibre degradation. Gressel et a1 (1983) found that a lignin
model, polyeugenol, only inhibited fungal and enzymic
degradation of cellulose if the lignin was bound to the
cellulose. While the brown midrib mutants in C, grasses
usually contain less core lignin than the normal genotypes, increases in digestibility have been observed even
when the forage samples being evaluated did not contain
lower lignin concentrations (Porter et a1 1978; Sommerfeldt et a1 1979; Weller and Phipps 1986). Because the
lignin composition of brown midrib mutants is also
different (Grand et a1 1985), composition of lignin may
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be a more important feature of cell wall structure limiting
fibre degradability than core lignin concentration.
In a group of smooth bromegrass genotypes selected
for high and low IVDMD, which were all harvested at a
common maturity and age, core lignin concentration was
not a major predictor of N D F degradation (Jung and
Casler 1991). Non-core lignin components and core
lignin composition were significant variables for the
prediction of fibre degradability in these smooth bromegrass selections. Other reports of correlations, both
positive and negative, between lignin composition and
digestibility are present in the literature (Hartley 1972;
Burritt et a1 1984; Buxton and Russell 1988). At present,
data, including those from the current study, are
inconclusive and no definitive statements can be made
concerning which components of lignin structure are
most important in limiting forage cell wall degradation.
Inadequacies of lignin determination (Jung and ShalitaJones 1990) and the crude measures of patterns of cell
wall degradation derived from the detergent system of
fibre analysis contribute to the variable results. For
instance, it is known that a portion of the hemicellulose
sugars are retained in the ADF fraction (Morrison 1980),
and protein contamination of N D F can be sizeable, but
very little protein is retained in ADF (Van Soest 1982,
Chapter 6). As a result, hemicellulose content of forages
can be either under- or overestimated due to deficiencies
in the detergent system. Although nitrobenzene oxidation is a standard procedure for the analysis of core
lignin composition, no adequate explanation of why
recoveries are low and variable has been described
(Sarkanen and Ludwig 1971, Chapter 5).
More careful selection and characterisation of forage
samples for maturity effects, plant parts, and even
cellular tissues will be necessary if the mechanistic
relationships between cell wall structure and degradability are to be identified. Efforts have been made to
isolate cellular tissues and characterise their cell wall
composition (Chesson et a1 1986; Piwonka et a1 1991).
However, questions remain if composition was altered
by the isolation procedures. Simple separations based o n
plant parts can be confounded by age of leaf or stem
section sampled (Volenec et a1 1986). Ultimately it would
be desirable to analyse specific sections of individual
walls of cells for composition and degradability. Degradability of specific components of cell wall polysaccharides should be examined. For example, esterified
ferulic acid would be expected to limit arabinose
fermentation because of their direct linkage, but glucose
degradation from cellulose should not be directly affected
by esterified ferulic acid because they are not linked in
the cell wall. The previous comments about specificity of
sample tissues being studied become more critical as we
strive to examine specific molecular relationships between chemical structure and degradability. The inability
to provide consistent, definitive relationships of cell wall
chemistry with degradability is probably a function of
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both inadequate analytical methodology and inadequate
forage sampling protocols.
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